Data from the continuous observation of microearthquakes which occur along the Yamasaki Fault and in the surrounding regions have been analyzed . There are some active lines of alignment of microearthquakes. Each of these corresponds to an active fault. We can find some properties of the block structure and the block movements of the crust from the temporal variation of the activity . The fractured zone of the Yamasaki Fault shows some characteristic behaviors of strain change related to the activity of microearthquakes . These phenomena are closely related to the change of water level of the river along the fault and rainfalls at the concerned region.
Introduction
The Yamasaki Fault is one of main strike-slip faults in the Inner Zone of the Southwest Japan. Mean velocity of the left-lateral slip motion calculated from geological and topographical data is about 1mm/year (MATSUDA, 1976) . In this region microearthquakes have been continuously observed since 1964 by the network of the Tottori Microearthquake Observatory attached to the Disaster Prevention Research Institute, Kyoto University. Main purpose of this continuous observation is to record the temporal variation of the activities of microearthquakes , and so the quality of data has been kept constant for a long time by fixed observation stations and fixed sensitivity (OIKE, 1975 ).
An array observation by 12 components of extensometers started in November, 1975 . Some of these were set across the fractured zones of the Yamasaki Fault . By these continuous observations of crustal movements, relations between seismic activities and crustal movements can be studied in detail.
Moreover, various kinds of studies concerning earthquake prediction are now under contemplation or already begun in the Yamasaki region. Our program is to record many kinds of valid data for earthquake prediction in this test-field around the Yamasaki Fault with a view to developing fundamental studies of methods for prediction.
In this paper the author presents some results on the characteristics of microearthquake activities in the Yamasaki region and some characteristic behaviors of crustal movements related to the occurrence of earthquakes.
Of special interest are the results of some trials to predict small earthquakes in very short time range.
2.
Microearthquake Activity
From the spatial distribution of microearthquakes in the crust some important conclusions related to the distribution of active faults have been reached (HUZITA et al., 1973) . Along some active faults we can see clear alignments of microearthquakes. In other cases, active faults or tectonic lines are clear boundaries between a very active region and a quiet region. Recent investigations of such relations between the distribution of microearthquakes and active faults have offered new understanding of the activity of the crust. Thus we can find boundaries of crustal blocks not only by the geological surveys on the surface but also by the observation of microearthquakes (OIKE, 1976; MIZOUE and NAKAMURA, 1976; WADA, 1975) . Figure 1 shows the distribution of shallow microearthquakes whose depths are less than 40km and whose hypocenters have been accurately determined in the last 10 years. Epicenters of about 8,000 shocks are plotted on this map. Data from eight stations are now available in this region, but these hypocenters shown in Fig.  1 have been determined from P and S-P times of fixed three stations by a simple 
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and Crustal Movements at the Yamasaki Fault method after examinations on an amount of data over a long time. These preliminary data are accurate enough to use for watching the local change of seismicity. And data calculated from fixed stations and constant sensitivity are available to see the temporal variation of microearthquake activity in this region (OIKE, 1975) . The pattern of the spatial distribution of earthquakes in this region is shown adequately on the map of epicentral distribution of shallow shocks as shown in Fig number of shocks in Fig. 3 show that hypocenters in this region concentrate at the lower part of the granitic layer. This result is very important to understand the nature of the crust of the island arcs. For example, KOBAYASHI (1976) found out the relation between the temperature at the high-seismicity zone within crust and focal depth. Temporal variation of activity in an area or along a seismically active line is closely related to those in other areas or along other seismic lines next to each other. In Fig. 4 temporal variations of number of shocks in intervals of 100 days are shown in several areas. For example, before a big event at August, 1968 in the Wachi region, activity in Osaka and Kakogawa was high. After 1968, instead of decrease of earthquake activity in those areas, it increased in the Yamasaki and the other areas.
Contour maps of smoothed distribution of numbers of microearthquakes in unit areas are shown in Fig. 5 in half-year intervals.
It seems that the active area moves along a fault or a seismic line. We can see the migration of earthquake activity, for example, along the Kakogawa seismic belt before 1968 and along the Yamasaki Fault after 1968. Yamasaki region in 1977 can be predicted. Figure  6 shows the periodical change of activity at the Yamasaki region.
Strain Variation at Yasutomi Station
Continuous observation by an array of extensometers across the fractured zone of the Yamasaki Fault has been under way from November, 1975 , at the Yasutomi station in Hyogo Prefecture.
The observation tunnel is situated 8m below the Chugoku highway.
Transducers are set as shown in Fig. 7 recorded by a digital printer every hour. Sensitivity for the strain is sufficient to detect the earth tides with the detection capability of about 0.0005 micro-strain All components that are set on the bedrock outside of fractured zones show a simple seasonal variation dependent only upon temperature variation in the tunnel. But the other components crossing the fractured zone show variations quite different. It is difficult to analyze long period strain change from one year's data, but it can be at least concluded that no significant slip movements have been observed across the fractured zones. It does not correspond to the mean slip motion of 1mm/year from geological data.
In this paper short-period variation are mainly analyzed. Effects of rainfalls are recorded with large amplitudes only on components crossing the fractured zones. These effects are negligibly small on other components which record only the strain change in the bedrock. After heavy rainfalls large extensional movements are ments correspond to the movements of the Yamasaki Fault, it seems to be a rightlateral slip motion. Amplitudes of slip movements after rainfalls are not in proportion to the precipitations. It is especially large when rainy season begins or after unusual rainfalls in the dry season. These short period movements of the fractured zone after rainfalls are closely related to the occurrence of microearthquakes along this active fault.
Relation between Crustal Movements and Microearthquakes
At Yamasaki region and in the surroundings microearthquakes occur more frequently in the rainy seasons than in the dry season.
Monthly distribution of frequency of the occurrence of microearthquakes and large shocks and monthly distribution of precipitation and its rate of change are shown in Fig. 9 . Peak of earthquake activity and that of rate of change of precipitation in September correspond to the typhoon season. When large movements of the fractured zone appear after heavy rainfalls, microearthquake swarms or comparatively large shocks occur along the fault. In Fig. 8 strain changes recorded by two components of extensometers crossing the Fig. 9 . Seasonal distribution of precipitation and earthquakes. From top to bottom, precipitation at Okayama, rate of change of it, microearthquakes at Yamasaki (1965 Yamasaki ( -1976 , shallow shocks in the Inner Zone of the Southwest Japan (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) and historical large shocks in the same region are shown. fractured zone and two other components on the bedrock outside the fractured zone are shown. And in Figs. 10 and 11 enlarged records are shown. These examples show short-period movements with large amplitude observed after heavy rainfalls comparing with seismic activity along the fault.
These facts show that the deformations at the surface of the crust after rainfalls have close relations to the occurrence of shallow shocks in the upper crust.
5. Rainfall and Shallow Earthquakes MCGINNIS (1963) found that earthquake frequency increased with an increase in the rate of change of river stage in the Mississipi Valley region. OZAWA (1968) investigated the relation between crustal movements before and after earthquakes which occurred in Kyoto region and effects of rainfalls on them. He explained such relation by assuming the penetration of water into the fractured zone.
Unfortunately we have no continuous data of the crustal movements during a long time before 1975 at the Yamasaki Fault. But we can compare temporal variation of microearthquake activity with precipitation and water level of the Ibo River which runs across the Yamasaki Fault. Figure 12 shows an example of the relation. Microearthquakes suddenly increase when the rainy season begins in early spring in 1969. This increase corresponds to the beginning of an active period shown in Fig. 6 . Such relation between rainfall or change of water level of a river and earthquakes can be discovered on many cases in other regions. For example, just before the large event of September 9, 1969, M=6.6, in the Central Gifu Prefecture heavy local rainfalls were recorded in the same region around the epicentral region of the event as shown in Fig. 13 . Time variation of after shock activity was also closely related to precipitation in the same region. Many other examples similar to this case can be presented in the Southwest Japan. Detailed results are described in another paper (OTKE, 1977) .
From 1961 to 1972 there occurred in the Inner Zone of the Southwest Japan about 150 shallow shocks whose magnitudes are more than 4.0, and 80% of them occurred in a few days after heavy rainfall in the same region. Monthly distribution of shallow shocks indicates that they occur most often from March to September as shown in Fig. 9 . The highest peak at September corresponds to the typhoon season in Japan.
These phenomena indicate that heavy rainfall is a kind of trigger for the occurrence of earthquakes which occur along the fractured zones of the active faults. If we can observe the increase of the probability of the occurrence of a large earthquake in some way, we can get some information for prediction in extremely short time range by watching such triggers of earthquakes.
Conclusions
Data of the continuous observation of microearthquakes and the crustal movements at the Yamasaki Fault region show some important properties of an active fault. Main results are as follows:
1) An alignment of shallow microearthquakes corresponds to an active fault.
2) Depths of these hypocenters concentrate at about 12km deep in the upper crust.
3) Such active faults are boundaries of crustal blocks or crustal block movements.
4) Temporal variation of the seismic activity along the active fault is closely related with similar variations in others.
5) Migration of the seismic activity is found before a big event. 6) Clear slip movements of the fractured zone are observed by extensometers during the few days before increase of the activity of microearthquakes.
7) Rainfall has some significant relations with such short-period strain changes along the fractured zone. 8) Heavy rainfalls often trigger the occurrence of shallow earthquakes.
